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onkeypox: A Review of the History and Emergence
n the Western Hemisphere
. Lee Ligon, PhD

A mysterious disease was reported on May 24, 2003, when the Wisconsin Division of
Public Health (DPH) received notice of a 3-year-old girl who had been hospitalized in
central Wisconsin with cellulites and fever after being bitten by a prairie dog on May 13.
The laboratory isolated a gram-negative bacillus, raising concerns that it might be tularemia
or plague; ultimately, it was identified as an acinetobacter species and was considered to
be a contaminant. Because no other such cases were reported at the time, the case was
thought to be merely an isolated event. However, within two weeks, on June 2, 2003,
evidence of a much wider scenario began to emerge. On that date, the Wisconsin DPH
received notice from the Marshfield Laboratory that the mother of the first patient had
become ill on May 26 and that electron-microscopic evidence of a poxvirus was found in a
skin lesion. On that same day, another report, this time from the Milwaukee Health
Department, of a strange illness was received at the DPH and described the case of a meat
inspector who resided in southeastern Wisconsin and also was a distributor of exotic
animals. By July 30, 2003, 72 confirmed or suspected cases of monkeypox had been
reported in Wisconsin, Illinois, and Indiana and represented a large outbreak. The peak in
the onset of illness occurred between May 29 and June 9, 2003, and no further cases of
illness have been reported in humans since June 22, 2003. Traceback investigations from
the child and other patients followed the route of introduction of monkeypox into Wisconsin
to a distributor in Illinois, who had received a shipment of exotic animals imported into the
United States through Texas from Ghana, West Africa.

Semin Pediatr Infect Dis 15:280-287 © 2004 Elsevier Inc. All rights reserved.
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n Wednesday, June 11, 2003, The Secretary of the
United States Department of Health and Human Ser-

ices, Tommy G. Thompson, announced an immediate em-
argo on the importation of all rodents from Africa. He also
nnounced a ban on the distribution, sale, and transport of
rairie dogs and six specific African rodent species.1 The next
ay, the state of Wisconsin Department of Health and Family
ervices issued an emergency order regarding the prohibition
f importation, sale, and/or release of prairie dogs or any
ammal known to have had contact with prairies dogs since
pril 1, 2003 (Table 1).2

These actions came on the heels of a report issued on
une 9, 2003, from the Centers for Disease Control and
revention (CDC) that an extensive multidisciplinary in-
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estigation into recent cases of febrile rash illness in Wis-
onsin, Illinois, and Indiana showed that the patients had
ad direct or close contact with recently purchased ill
rairie dogs.3 The CDC report also noted that scientists at
he Marshfield Clinic in Marshfield, Wisconsin, had recov-
red viral isolates from a patient and a prairie dog that
ere demonstrated by electron microscopy to be a virus
orphologically consistent with a poxvirus.4 Preliminary

esults of serologic testing, polymerase chain reaction
PCR), and gene sequencing performed at the CDC indi-
ated that the causative agent was monkeypox virus, and
dditional evaluations by the CDC using electron micros-
opy and immunohistochemical studies were consistent
ith the finding of an orthopoxvirus. The findings repre-

ented the first reported evidence of community acquired
onkeypox-like infection in the United States—and the

mergence of yet another infectious disease in the Western
emisphere. The incident came shortly after the emer-

ence of a previously unknown infectious disease, severe
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Monkeypox 281
cute respiratory syndrome (SARS), which had started in
hina and been transmitted worldwide in a short period of

ime (see Seminars in Pediatric Infectious Diseases, July,
003).5

onkeypox In the Western
emisphere

mysterious disease was reported on May 24, 2003, when
he Wisconsin Division of Public Health (DPH) received
otice of a 3-year-old girl who had been hospitalized in
entral Wisconsin with cellulites and fever after being bit-
en by a prairie dog on May 13. The prairie dog had been
urchased two days earlier at a “swap meet,” where ani-
als were traded or bought. It had become ill on the same
ay that it bit the child, and at the time was noted to have
cular discharge, lymphadenopathy, and papular skin le-
ions. It died on May 20, 2003. An enlarged submandib-
lar lymph node noted on the prairie dog was submitted to
arshfield Laboratories (Marshfield, Wisconsin) for bac-

erial culture. The laboratory isolated a gram-negative ba-
illus, raising concerns that it might be tularemia or
lague; ultimately, it was identified as an acinetobacter
pecies and was considered to be a contaminant. Because
o other such cases were reported at the time, the case was
hought to be merely an isolated event.4

However, within two weeks, on June 2, 2003, evidence of
much wider scenario began to emerge. On that date, the
isconsin DPH received notice from the Marshfield Labora-

ory that the mother of the first patient had become ill on May

able 1 Emergency Prohibition Order Issued by Wisconsin
epartment of Health and Family Services2

In response to the reports of monkeypox, the Wisconsin
State Epidemiologist, Jeffrey P. Davis, M.D., per
Chapter 254.51, issued the following prohibitions:

Importation of a prairie dog or of any mammal known to
have had contact with prairie dogs since April 1, 2003
into Wisconsin

Sale of any prairie dog or any mammal known to have
had contact with prairie dogs since April 1, 2003

Allowing any prairie dog or any mammal known to have
had contact with prairie dogs to have contact with any
member of the public

Releasing any prairie dogs or any mammal known to have
had contact with prairie dogs to the wild

Intrastate sale or offering for sale or any other type of
commercial or public distribution, including release into
the environment of rodents from Africa, to include tree
squirrels, rope squirrels, dormices, Gambian giant-
pouched rats, brush-tailed porcupines, and striped mice
6 and that electron-microscopic evidence of a poxvirus was J
ound in a skin lesion. On June 4, the DPH was informed that
n orthopoxvirus had been visualized by negative-stain elec-
ron microscopy of cell-culture supernatants from the patient
the mother) and the prairie dog.

On that same day (June 2), another report, this time
rom the Milwaukee Health Department, of a strange
llness was received at the DPH and described the case
f a meat inspector who resided in southeastern Wiscon-
in and also was a distributor of exotic animals. He had
ustained a bite and a scratch from a prairie dog on
ay 18, and a nodular lesion had developed at the

cratch site on March 23, accompanied by fever, chills,
weats, and lymphadenopathy that began on May 26. He
ad been examined at a local emergency department and
eleased, but by May 31, his condition had worsened and
e was hospitalized. Again, tularemia and plague were
onsidered in the differential diagnosis. By June 3, he was
inked to the index case: he had sold two prairie dogs to
he patient’s family at the swap meet. With the epidemio-
ogic link established between the cases in different re-
ions of Wisconsin, public health case-finding and animal
trace-back” and “trace-forward” activities were initia-
ied.4

Test results performed on different patients revealed an
larming situation. On June 6, PCR testing performed by
he CDC on three other patients (patient 4, the meat in-
pector; patient 7, an individual who had purchased two
rairie dogs from a pet store in southeastern Wisconsin;
nd patient 8, an employee of the pet store) revealed mon-
kypox-virus DNA signatures. The next day, the complete
equence of the hemagglutinin gene taken from the virus
f the meat inspector/distributor proved to be identical to
emagglutinin gene sequences derived from one of two
eference monkeypox-virus clades. That same day, 11 pa-
ients with confirmed or suspected monkeypox were iden-
ified in Wisconsin and were linked by direct contact with
rairie dogs sold by the meat inspector/distributor. Three
atients, the child, her mother, and another family mem-
er were in northeastern Wisconsin; the other 8 patients
ere in southeastern Wisconsin. The latter group was

omposed of the distributor and his wife, two employees
f two different pet stores that had received prairie dogs
rom the distributor, two veterinarians in different clinics
ho had treated prairie dogs sold by the distributor, and a
erson who had purchased a prairie dog from one of the
et stores and her houseguest (Figure 1). Two days later
June 9), PCR analyses of tissue- and virus-culture super-
atants from the second patient (mother of the 3-year-old
irl) and the prairie dog were positive for monkeypox-
irus DNA signatures.4

By July 30, 2003, 72 confirmed or suspected cases of mon-
eypox had been reported in Wisconsin, Illinois, and Indiana
nd represented a large outbreak. The peak in the onset of
llness occurred between May 29 and June 9, 2003, and no
urther cases of illness have been reported in humans since

une 22, 2003.4
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ource of Monkeypox in the
nited States

raceback investigations from the child and other patients
ollowed the route of introduction of monkeypox into Wis-
onsin to a distributor in Illinois, who had received a ship-
ent of exotic animals imported into the United States

hrough Texas from Ghana, West Africa (Figure 1). This
robable source of introduction involved a shipment of ani-
als that entered Texas on April 9 and included approxi-
ately 800 small mammals. Among nine different species in

he shipment were six genera of African rodents: rope squir-
els (Funiscuirus spp.), tree squirrels (Heliosciurus spp.), Gam-
ian giant rats (Cricetomys spp.), brush-tailed porcupines
Atherurus spp.), dormice (Graphiurus spp.), and striped
ice (Hybomys spp.). CDC laboratory testing with PCR and

irus isolation of some of the animals revealed that one Gam-
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Figure 1 Diagram Showing Links Between Meat Inspecto
of Monkey-pox. Dates indicate onset of illness; patient n
obtained on or after June 7, 2003. (Adapted from Reed
ian giant rat, three dormice, and two rope squirrels were t
nfected with monkeypox virus. Evidence of infection also
as found in some of the animals that had been separated

rom the remainder of the shipment on its arrival into the
nited States. When the Gambian rats arrived in Illinois, they
ere kept in close proximity to the prairie dogs implicated in

he outbreak in Wisconsin and other states.6,7

istory of the Disease
onkeypox is a rare viral disease caused by Monkeypox virus,
member of the orthopoxvirus group of viruses. It is en-

emic to the rain forest countries of central and west Africa. It
as discovered first in 1958 in laboratory monkeys, and later

esting of blood of animals from Africa revealed evidence of
onkeypox infection in numerous African rodents. The first

eport of monkeypox in humans was made in 1970, when the
irus was detected in persons living in remote African loca-
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Monkeypox 283
onkeypox were reported in the Democratic Republic of
ongo (formerly Zaire).8,9

The largest outbreak of monkeypox was reported from the
ame area between February 1996 and February 1997, rais-
ng concerns about whether samples of the smallpox virus
hould be retained for comparative research with related vi-
uses like monkeypox. From February to August of 1996, 71
linical cases of monkeypox, including six deaths, were re-
orted in 13 villages in Zaire.8 The number of secondary
ases was highest in August, at the peak of the outbreak.9 Of
he 11 specimens collected, all were positive for monkeypox
nd showed only minor genetic variation compared with
ther strains collected during 1970 to 1979. As the outbreak
ontinued, with the World Health Organization (WHO) re-
orting that local health workers put the number of new
ases at 170 between March and May of 1997 (58 in March,
2 in April, and 60 in May),10 David Heymann, then chief of
he WHO’s new branch devoted to emerging diseases, ex-
ressed concern but also cautioned that some of the cases
ight be chicken pox.8

The cases all were in the same Katako-Kombe region vis-
ted earlier by a WHO-organized team. The team, which had
one to the region in February of 1997, was headed by Ali
han of the CDC and was sponsored by the Zairian Ministry
f Health as well as WHO, spent 5 days in the 12 villages that
ere located at the center of the outbreak.8 Although the trip
as cut short because of civil unrest and attacks on villages,
han and his colleagues were able to provide a detailed re-
ort on April 11, in which they suggested that 73 percent of
he 89 people studied were infected by other people. That
gure represented a large jump from the 30 percent “second-
ry contact” rate that had been reported by Zdenek Jezek in
he studies of the 1981 to 1986 epidemic.11 The 1997 report
lso included one patient who appeared to have been the
ource of eight other infections, twice the highest chain of
ransmission previously noted.8 Other differences also were

Figure 2 Initial papular stage of monkeypox rash. (Used

Clinic, Marshfield, Wisconsin).
oted (Table 2). Although some concern had been expressed
hat the monkeypox was changing and becoming more viru-
ent or more transmissible, such possibilities were eliminated
hen researchers analyzed part of one isolate from a person

nfected in 1996 and found no difference between it and
trains collected in Zaire between 1970 and 1979.8

linical Picture and
ransmission

he signs and symptoms of monkeypox are similar to
hose of smallpox, but usually much milder. Patients
resent with fever, headache, muscle aches, backache,
wollen lymph nodes, a general feeling of discomfort, and
xhaustion. Within 1 to 3 days after onset of fever, a ve-

ermission of Dr. Kurt Reed and courtesy of Marshfield

able 2 Differences in the 1996-1997 Outbreak of Monkeypox
n Zaire Compared with Earlier Outbreaks9

It represented the largest cluster of monkeypox cases
ever reported.

The proportion of cases in patients aged 15 years and
older (27.2%) was substantially higher than previously
reported (7.5%).

The proportion of secondary cases (73.0%) was
substantially higher than previously reported (29.6%).

The clustering of cases by households and the chains of
transmission, previously not described, suggested that
person-to-person transmission accounted for most of
the cases.

The case-fatality proportion (3.3%) was lower than that
previously reported (9.8%).
with p
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284 B.L. Ligon
icular and pustular rash similar to that of smallpox devel-
ps, often beginning on the face but occasionally on other
arts of the body. The initially papular rash (Figure 2)
rogresses to vesiculation, pustulation (Figure 3), and

Figure 3 Vesiculation and pustulation of progessive stage
and courtesy of Marshfield Clinic, Marshfield, Wisconsi

Figure 4 Crusting stage of monkeypox rash. (Used with p

Marshfield, Wisconsin).
rusting (Figure 4), found in different stages simulta-
eously on the face, head, trunk, and extremities. The

ncubation period is 12 days, with a range of 7 to 17
ays.12,13,14 Illness typically lasts 2 to 4 weeks.

nkeypox rash. (Used with permission of Dr. Kurt Reed

ion of Dr. Kurt Reed and courtesy of Marshfield Clinic,
ermiss
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Monkeypox 285
Transmission occurs by an animal bite or direct contact
ith the animal’s lesions or body fluids. Immunohistochem-

cal assays for orthopoxviruses in the prairie dogs demon-
trated abundant amounts of viral antigens in surface epithe-
ial cells of lesions in conjunctiva and tongue, and less
mounts in adjacent macrophages, fibroblasts, and connec-
ive tissues. Viral antigens were abundant in bronchial epi-
helial cells, macrophages, and fibroblasts; virus isolation and
lectron microscopy demonstrated active viral replication in
ungs and tongue. These findings suggest that both respira-
ory and direct mucocutaneous exposures may be important
outes of transmission of monkeypox virus between rodents
nd to humans.12

Monkeypox also has been spread by person-to-person trans-
ission, most likely by respiratory droplets during direct and
rolonged face-to-face contact. It also can be spread by direct
ontact with body fluids of an infected person or with virus-
ontaminated objects, such as linens, bedding, or clothing.6

Physicians should be alert to the symptoms and consider
onkeypox in persons with fever, cough, headache, myal-

ias, rash, or lymph node enlargement that presents 3 weeks
fter contact with prairie dogs or Gambia giant rats. Cases of
hese illnesses in humans and animals should be reported to
he state or local health departments as soon as they are
uspected.15

reatment and Prevention
o date, no proven, safe cure exists for monkeypox.6 The
DC recommends that persons who present to the emer-
ency room or to an outpatient clinical with fever and
esiculopostular be placed in a private examination room,
r a negative pressure room if available, as quickly as
ossible and examined, keeping in mind a differential di-
gnosis of chickenpox, vaccinia in a person recently vac-
inated against smallpox, and even the unlikely possibility
f smallpox. The CDC also has set forth certain general
recautionary methods that should be implemented (Ta-
le 3).16

The sporadic outbreaks of human monkeypox in Africa
nd the recent outbreak in the United States have demon-
trated that naturally occurring zoonotic orthopoxvirus
iseases are a public health concern, which could be elim-

nated or greatly reduced with a viable vaccine. Currently,
he CDC recommends smallpox vaccine for protection
gainst monkeypox for a limited number of individuals
ho may be exposed to the virus (Table 4) but cautions

gainst such precaution, even after exposure to monkey-
ox, if the individual has a weakened immune system (eg,
rom cancer treatment, organ transplant, human immuno-
eficiency virus [HIV] infection, primary immune defi-
iency disorders, severe autoimmune disorders, and
edications used to treat autoimmune disorders) or a life-

hreatening allergy to latex or to smallpox vaccine or any
f its ingredients.17 Because the smallpox vaccine is a live
rthopoxvirus vaccine administered to the skin, the vac-
ine itself can pose a serious health risk. Hence, research is

nderway to develop a vaccine against monkeypox. e
In March, 2004, the National Institutes of Health (NIH)
eported that researchers at the National Institute of Al-
ergy and Infectious Diseases (NIAID) had found that a

ild, experimental smallpox vaccine, the modified vac-
inia Ankara (MVA), is nearly as effective as is the standard
mallpox vaccine in protecting monkeys against monkey-
ox. One importance of the finding, noted by Anthony S.
auci, director of NIAID, relates to the search for a re-
lacement vaccine for people with health conditions that
reclude their being able to use the current smallpox vac-
ine. He also noted that an initial MVA injection might
elp lessen the side effects experienced from Dryvax, the
nly commercially available smallpox vaccine in the
nited States, and might serve as an important prevaccine

or large-scale vaccination efforts in the event of a bioter-
or threat involving smallpox.18

Moss and colleagues reported in March 2004 a study
omparing MVA with Dryvax, in which they divided 24
ynomologus monkeys into four groups of six monkeys

able 3 General Precautions for Infection Control of Monkeypox

Use of hand hygiene after every contact with an infected
patient and/or the environment of care

Use of gown and gloves for contact with infected patients

Protection from virus spread by droplets or aerosols:
NIOSH-certified N95 (or comparable) filtering
disposable respirator for the healthcare workers or, if
not available, surgical masks worn to protect against
transmission through contact or large droplets. The
respirator or mask should be applied prior to entering
the patient’s room.

Use of eye protection (e.g., face shield or goggles) if
splash or spray of body fluids is likely to occur, as
recommended by Standard Precautions

Containment and disposal of contaminated waste (e.g.,
dressings) in accordance with facility-specific
guidelines for infectious waste or local regulations
pertaining to household waste

Proper care exerted in handling soiled linens (e.g., bedding,
towels, clothing) to avoid contact with lesion exudates

Careful handling of patient-care equipment to prevent
contamination of skin and clothing and care taken to
ensure that used equipment is cleaned and
reprocessed appropriately

Implementation of proper procedures for cleaning and
disinfecting environmental surfaces in the patient care
environment; any EPA-registered hospital detergent-
disinfectant currently used by healthcare facilities may
be used.

dapted from CDC Interim Infection Control and Exposure Manage-
ment Guidelines.7
ach: (a) group 1 received two injections of MVA, one at
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286 B.L. Ligon
he start of the study and a second 2 months later; (b)
roup 2 received the MVA vaccine at the start of the study
nd the Dryvax vaccine 2 months later; (c) group 3 re-
eived no injection at the start and the Dryvax vaccine 2
onths later; and (d) group 4 received no vaccines. The

esearchers monitored the immune responses throughout
he immunization period and later, after the monkeys were
xposed to monkeypox. Two months after being given the
econd vaccination, all 24 monkeys were exposed to mon-
eypox. All the immunized monkeys remained healthy
ith no signs of disease except for a small number of

esions on those in the MVA-only group; the unvaccinated
onkeys had more than 500 lesions each and became

ravely ill or died.19 Studies are ongoing to determine the
uration of protection offered by MVA versus Dryvax and
he effect of dosage, as well as to evaluate the immune
esponse to MVA in humans.

Hooper and colleagues also reported in March 2004 that
hesus macaques vaccinated with a DNA vaccine consist-
ng of four vaccinia virus genes (L1R, A27L, A33R, and
5R) were protected from severe disease after receiving a

ethal challenge with monkeypox virus. Animals vacci-
ated with a single gene that encodes a target of neutral-

zing antibodies developed severe disease but survived.
heir results are the first demonstration that a subunit
accine approach to smallpox-monkeypox immunization
s feasible.20

Recently, Tesh and colleagues described a possible new

able 4 Individuals for Whom CDC Recommends Smallpox
accine to Prevent Monkeypox

Anyone investigating animal or human monkeypox cases
(e.g., public health workers and animal control workers)

Healthcare providers who are caring for patients with
monkeypox, may be required to care for such patients,
or have been in close contact with such patients in the
previous 4 days, with vaccination considered up to 14
days after exposure

Anyone who has been in contact within the previous 4
days with anyone with monkeypox, with vaccination
considered up to 14 days after exposure

Anyone, including veterinarians and veterinary
technicians, who has had direct physical contact within
the previous 4 days with an affected animal acquired
since April 15, 2003, with vaccination considered up to
14 days after exposure

Anyone else, including children younger than 1 year old,
pregnant women, and individuals with skin conditions,
who has been exposed to monkeypox in the previous
14 days

dapted from Centers for Disease Control and Prevention. Smallpox
vaccineandmonkeypox.http://www.cdc.gov/ncidod/monkeypox/
smallpoxvaccine_mpox.htm (accessed 5/19/04)
odel for studying infections caused by monkeypox vi-
us.21 Their discovery that it produces a similar disease in
round squirrels and that these rodents can be used in-
tead of monkeys in experiments should make work on a
accine substantially easier.

he Future
he developments of vaccines, ongoing research, and pro-
ibitions on importation of exotic animals promise to pro-
ide means to thwart another attack of monkeypox such as
ccurred in the United States in 2003. The suggestions
hat occasionally have been voiced concerning the use of
onkeypox as a weapon of bioterrorism do not seem to be

f much concern. Nonetheless, such instances as the out-
reak in 2003 are reminders that all healthcare providers,

n addition to infectious disease specialists, must stay alert
o the possibility of a new or re-emerging disease when
atients present with unusual manifestations.
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